Natural History of Refsum's Syndrome in a Gloucestershire Family A. M. G. CAMPBELL,* D.M., F.R.C.P.; E. R. WILLIAMSt M.A., M.B., M.R.C.P. Brit. ned.J., 1967, 3, 777-779 Thirty-nine cases of Refsum's syndrome (Refsum, 1946) or heredopathia atactica polyneuritiformis have now been reported (Carrell et al., 1966) . The neurological features-namely, a mixed sensory and motor peripheral neuropathy, atypical retinitis pigmentosa with night blindness and constricted visual fields, cerebellar ataxia, and nerve deafness-are well attested and have been recently reviewed (Alexander, 1966) , while abnormalities occurring outside the central nervous system include ichthyosis, epiphysial dysplasia, and cardiomyopathy (Gordon and Hudson, 1959) . The disease is inherited as an autosomal recessive (Refsum, 1946) and most cases have occurred in consanguineous families.
The discovery of an excess of phytanic acid (3, 7,11, 15-tetramethylhexadecanoic acid) in the serum and tissue lipids of these patients (Klenk and Kahlke, 1963; Eldjarn, 1965) has opened several exciting fields of speculation regarding the natural history of this disease, the aetiology of which is now partly understood. This has led us Case 2 A married sister, aged 33, of the previous patient had a healthy childhood and adolescence, though mild deformity of the feet was noted by her mother. At the age of 20 she developed an acute weakness of the limbs and unsteadiness, again following a febrile illness. She was thought to have poliomyelitis and was admitted to hospital, where she was found to have weakness of the right arm and both legs, absent tendon jerks, ataxia of all limbs, and impaired vibration sense in the legs. A diagnosis of infective polyneuritis was again made, supported by a C.S.F. protein level of 400 mg./ 100 ml. She slowly improved; at the age of 22 she married and has two daughters, aged 6 and 8. During both pregnancies she thought she was noticeably weaker and more ataxic. In 1963, when aged 30, she had a total hysterectomy for menorrhagia with conservation of the right ovary. After this she again became weak and unsteady but improved in a few months, and since 1964 has remained well able to cope with her household duties, and feels that she has steadily improved. Neither this patient nor her brother has shown any mental deterioration.
When examined in 1966 she was a good deal better than when we saw her in 1960. She had bilateral cerebellar signs, bilateral drop-foot with absent ankle jerks and mild wasting of the hand and foot muscles, and claw-feet similar to her brother's, with the same atypical retinitis and nerve deafness. The C.S.F. protein had dropped to 83 mg./100 ml., radiographs of the tarsal bones were normal, and her disease was clearly not so severe as that of her brother.
Family Study
The family tree of the three generations studied is given in Fig. 4 . The family are of yeoman stock and live in a small Gloucestershire town. There is no history of any other familial disease and no suggestion of consanguinity; while I 1 traces his ancestry back through four generations of Forest of Dean dwellers, I 2 is a native of Cheltenham. There is no consanguinity in any of the spouses of the sibs of the propositi. All the subjects shown in the family tree were examined. Two sisters (II 5 and 6) were found to have a mild optic atrophy and II 6 had a retinal cyst. No abnormality was found in any others, and in particular none of the third generation had retinitis pigmentosa, ataxia, or clinical evidence of bone disorder.
Serum from everyone in the family was examined for the presence of phytanic acid, but with the exception of the propositi this was absent in all of them. Creatine phosphokinase activity and serum caeruloplasmin levels were also estimated in the propositi and eight relatives (see Table) . It can be seen that the creatine phosphokinase is raised in both the propositi, as might be expected in any wasting disease (Gubbay et al., 1966 Phytanic Acid
The propositus (Case 1) was shown to have a very high level of phytanic acid in the serum. This was estimated by gasliquid chromatography in Oslo (Eldjarn, personal communication, 1966) to be 90 mg./100 ml. of serum, a value among the highest so far found in this condition by these workers. An aliquot of the same sample was found to contain phytanic acid in a concentration of 34.7% of total serum fatty acids by Professor J. N. Cumings. A sample of serum taken in 1960 and freeze-dried contained 12% of the total fatty acids as phytanic acid.
In Case 2 the serum contained 15.6% of the total of fatty acids as phytanic acid (July 1966) and 14.3 % when re-estimated in February 1967.
C.S.F. samples from both propositi were also examined. A freeze-dried specimen taken from Case 1 in 1960 contained phytanic acid in a concentration of 10% of total fatty acids. A specimen taken in August 1966, when the disease had progressed considerably, contained 19.4%. No phytanic acid was demonstrated in the C.S.F. in Case 2, however. These 1966 C.S.F. specimens were also subjected to phospholipid estimation and protein electrophoresis and showed markedly raised total phospholipid, lecithin, and globulin values.
Discussion
The elevated phytanic acid levels here reported are in accordance with previous studies (Kahlke, 1964; Eldjarn, 1965 ; Rake and Saunders, 1966) , and it now seems established that the clinical features of the disease are associated with an impairment of oxidative degradation of this branched-chain fatty acid (Eldjarn et al., 1966) . Though an excess of phytanic acid has been found in many tissues, including liver, kidney, brain, nerve, skeletal muscle, and urine (reviewed by Rake and Saunders, 1966) , C.S.F. levels have not previously beeD recorded.
The family study shows that the inheritance demonstrated is compatible with an autosomal recessive mode of transmission. Kahike and Richterich (1965) found higher amounts of phytanic acid in the serum of the apparently healthy mother of a patient with Refsum's syndrome than the serum of the patient; this raises the possibility of a biochemical abnormality being demonstrable in heterozygous carriers of the disease, a situation akin to that in thalassaemia or in glucose-6-phosphatase deficiency-Von Gierke's disease (Cori and Cori, 1952 Refsum's syndrome (Eldjarn, personal communication, 1966 Rake and Saunders, 1966) . In Case 1 and a sib with optic atrophy (II 6) the caeruloplasmin was raised (see Table) . The significance of this finding is at present obscure.
Continued follow-up of patients with Refsum's syndrome, with phytanic acid estimations being compared to clinical state, would seem a fruitful field for study. While alteration in phytanic acid intake may well affect the disease process, there may be physiological factors influencing the metabolic pathways of phytanic acid breakdown which also affect the course of the disease. Such a hypothesis would fit the observations above regarding the effect of intercurrent illness and improvement in a woman after the child-bearing period.
Summary
The results are reported of a clinical and biochemical study of two sibs with Refsum's syndrome who have been studied over a period of nine years. Three generations of the family were investigated, and no significant evidence of biochemical abnormality was found in any of the unaffected members. The serum phytanic acid level was raised in both patients, and high levels of phytanic acid in cerebrospinal fluid were present in one.
Fluctuations in the severity of the condition are compared with C.S.F. protein levels, and possible explanations for this characteristic variation discussed.
